We performed state-of-the-art QCD effective kinetic theory simulations of chemically equilibrating QGP in longitudinally expanding systems. We find that chemical equilibration takes place after hydrodynamization, but well before local thermalization. By relating the transport properties of QGP and the system size we estimate that hadronic collisions with final state multiplicities dN ch /dη > 10 2 live long enough to reach approximate chemical equilibrium for all collision systems. Therefore we expect the saturation of strangeness enhancement to occur at the same multiplicity in proton-proton, proton-nucleus and nucleus-nucleus collisions.
The experimental measurements of the final-state particles in the ultra-relativistic proton-proton, proton-nucleus and nucleus-nucleus collisions at hadron colliders show a qualitative change of hadron chemistry with the increasing particle multiplicity [1, 2, 3] . At central nucleus-nucleus collisions the observed ratios of long-lived hadrons is consistent with chemical equilibrium hadron resonance gas models at temperature T ch ≈ 155 MeV [4] , while the lowest multiplicity protonproton collisions are reproduced by perturbative event generators. One interpretation behind this change is the formation of deconfined state of Quark-Gluon Plasma (QGP), which reaches approximate thermal and chemical equilibrium in the collision fireball, from which the thermal hadron productions ensues. Indeed, the hydrodynamic models of the QGP expansion have been very successful in describing small transverse momentum particle spectra and multi-particle correlations. However the initial state created in high-energy nuclear collisions even locally is far from equilibrium and the study of thermalization has been a very active topic [5] . In this work [6, 7] we describe the QGP approach to chemical equilibrium within the framework of QCD effective kinetic theory [8] .
At high energy, weak coupling limit of QCD, the mid-rapidity interaction region is dominated by strong non-equilibrium gluonic fields [5] . The microscopic description to local thermal equilibrium from such initial configuration is described by the "bottom-up" thermalization scenario [9] , which was explicitly realized by classical-statistical Yang-Mills [10] and gluonic kinetic theory [11] simulations. Here for the first time we use the complete leading order QCD kinetic theory of quarks and gluons [8] to simulate the hydrodynamic, chemical and kinetic equilibration of QGP. We solve the coupled Boltzmann equations for quark and gluon distribution functions undergoing homogeneous boost-invariant expansion
We include elastic 2 ↔ 2 and colinear 1 ↔ 2 collision processes at leading order in the coupling constant λ = 4πα s N c . We consider N c = 3 colors and N f = 3 flavours of massless fermions with equal quark-antiquark content, i.e., at vanishing baryon chemical potential µ B = 0. For the explicit expressions of collision kernels and the regularization procedure of the infrared divergences see the published work [7] .
Following the previous work [11] , initially at τ = 1 Q −1 s the fermion distribution function f q = 0 is set to zero, while the initial gluon density is
where the values of A = 5.24 and Q 0 = 1.8 Q s are adjusted to match transverse momentum and energy density extracted from the lattice. The parameter ξ determines the initial anisotropy and is set to ξ = 10 to reflect highly anisotropic initial conditions in heavy ion collisions. We then follow the evolution of quark and gluon distribution functions to equilibrium at different values of the coupling constant λ and find the corresponding values of shear viscosity over entropy ratio η/s. In the following we discuss the time evolution of energy density obtained by momentum integration of the non-equilibrium quark and gluon distribution functions. It was observed in previous works [11, 12, 13, 14] , that the parametrically large differences in the equilibration rates for different coupling constants λ can be largely scaled out by measuring time in units of relaxation time
where η/s is the specific shear viscosity. Note that for expanding system the local thermalization temperature and the relaxation time itself is time dependent. Here we define the effective temperature T id. (τ ) = (T (τ )τ 1/3 )|τ→∞
, which asymptotically coincides with the temperature of near equilibrium QGP.
In chemical equilibrium, N f = 3 fermions constitute e q,eq /e total ≈ 0.66 of the total equilibrium energy density. In Fig. 1(a) [6] shown in the inset of Fig. 1(a) collapses to near λ-independent equilibration curve shown in the main panel of Fig. 1(a) . We find that at the time τ /τ R ≈ 1.2 and for larger values of the coupling, the fermions reach 90% of their chemical equilibrium energy density. We checked that this is not affected my small nonzero fermion density at early times indicated by grey dashed line in Fig. 1(a) .
We can convert the scaled chemical equilibration time τ chem /τ R to physical time by solving Eq. (3) and noting that the asymptotic constant T 3 id. τ = (T 3 τ ) ∞ is proportional to the local entropy density per rapidity (sτ ) ∞ :
Substituting the empirical estimate τ chem /τ R = 1.2 we obtain a pocket formula for chemical equilibration time as a function of entropy density, specific shear viscosity and number of degrees of freedom. It is important to emphasize that although the parametric dependence of equilibration time on, say, entropy density, can be inferred from general physics arguments, Eq. (4) has all relevant numerical factors and is therefore a quantitative formula. The approximate independence of η/s seen in Fig. 1(a) , gives us motivation of plugging in phenomenological relevant parameter values of η/s = 2/4π ≈ 0.16, sτ = 4.1 GeV 2 and ν eff = 40. In Fig. 1(b) we show the converted time evolution of total, gluon and fermion energy density. We observe that at τ ≈ 0.6 fm fermion and gluon energy contributions become equal and at τ chem ≈ 1.5 fm the chemical equilibration defined above is achieved. In the paper [6, 7] we also studied hydrodynamic and kinetic equilibrations and found the following ordering of equilibration scales (also shown in Fig. 1(b 
.
Strikingly, the empirical weak coupling equilibration formula Eq. (4) produces realistic equilibration timescales compatible with heavy-ion phenomenology if extrapolated to realistic values of η/s. To what extent such extrapolation captures the dynamics of relatively strongly coupled system is debatable, but it is clear that the weak coupling equilibration baseline is not in contradiction with rapid thermalization of QGP. Finally, Eq. (4) can be reformulated as a bound on charged particle multiplicities necessary to achieve chemical equilibrium by freeze-out. We relate the multiplicity dN ch /dη in terms of scaled variables using τ s ≈ (S/N ch ) 1/(πR 2 ) dN ch /dη (where S/N ch ≈ 7 [15] ) and Eq. (4), so that
Assuming that the system disintegrates once its lifetime exceeds the system size τ ∼ R [14] , the minimum multiplicity needed for that time to be at or above
This bound is roughly compatible with experimentally observed trends of strangeness enhancement [1, 2, 3] , which gives theoretical ground for the assumed formation of chemically equilibrated QGP at high multiplicity collisions.
In summary, we presented the detailed picture of QGP equilibration within QCD kinetic theory framework. Strikingly, extrapolated to phenomenological values of η/s, this picture gives realistic equilibration timescales and connects in a novel way the transport properties of QGP to experimental observations of hadron chemistry in proton-proton, proton-nucleus and nucleus-nucleus collisions.
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